 Multi-walled carbon nanotubes was magnetized with hybrids of iron oxides and modified with calcium by chemical co-precipitation method. The influence factors of preparing magnetic multi-walled carbon nanotubes (MWCNTs) coated calcium on removing humic acid from water were studied, and the preparation conditions were optimized. The results showed that the higher mass ratio of MWCNTs to Fe 3 O 4 produced the better effect of removing humic acid, when the mass ratio of MWCNTs to CaCl 2 was from 3:1 to 1:3, the removal rate of humic acid was higher than 85%. With the temperature increasing, the removal rate of humic acid first increased to the highest at 60℃, subsequently decreased until to temperature 75℃, afterward changed little .The removal rate rose before stirring speed reached 300 r/min then declined with the stirring speed increasing. In comparison, the mole ratio of Na 2 CO 3 to NaOH, reaction time and aging time had little effect on removal of humic acid. The optimal conditions of preparing magnetic MWCNTs coated calcium for removing humic acid at concentration of 20mg/L from water were that the mass ratio of MWCNTs/Fe 3 O 4 and MWCNTs/CaCl 2 were 2.5:1 and 2:1, respectively, mole ratio of Na 2 CO 3 /NaOH was 5:3, reaction temperature was 60℃, stirring speed was 400 r/min, the reaction time and aging time were 30 min respectively. The product prepared in the optimal conditions removed 94.21% of humic acid from solution after screened by 200 mesh sieve.
INTRODUCTION
Humic acid is a kind of natural macromolecule organic matter that widely exists in nature, such as soil, rivers and lakes [1] . In the process of disinfection in conventional drinking water treatment, humic acid in the water may react with halogen elements (mainly chlorine) to form trihalomethanes (THMs) as disinfection by-product, which is harmful to the health of human beings. However, it is difficult to treat by the conventional water treatment processes, so novel techniques and materials are becoming focus of study to remove humic acid in portable water treatment [2] . Multi-walled carbon nanotubes (MWCNTs), a new inorganic functional material with large specific surface area, has attracted much attention in recent years. It was found that it is a new nanomaterial of adsorption with great potential [3] . MWCNTs has high adsorption capacities to pollutants, such as dye, antibiotics, pesticide and heavy metal ions [4] [5] [6] . But there are little studies of removal of humic acid in micropolluted water.
MWCNTs has nanomaterial's characteristic, which is difficult to separate from water. In order to separate from water and recycle to use, this paper developed a new hybrid material of magnetic multi-walled carbon nanotubes coated calcium, it is not only effective to remove humic acid, but also can be recycled to use. Here, the factors affecting the preparation of magnetic MWCNTs coated calcium were investigated and the optimization of preparation conditions was carried out.
EXPERIMENTAL

Materials.
MWCNTs' outside diameter is less than 8 nm, inner diameter is 2 to 5 nm, the length is between 10 m and 30 m, specific surface area is more than 3500 m 2 /g and its purity is higher than 95%. (NH 4 ) 2 Fe(SO 4 ) 2 •6H 2 O, NH 4 Fe(SO 4 ) 2 •12H 2 O, Na 2 CO 3 , NaOH and CaCl 2 are analytical pure. Humic acid, purity higher than 90%, was used to prepare solution at concentration of 1g•L -1 which should be diluted to the required concentration before use. The water for this experiment is distilled water.
Preparation Method.
A certain amount of MWCNTs was taken to suspend in deionized water which contains (NH 4 ) 2 Fe(SO 4 ) 2 •6H 2 O and NH 4 Fe(SO 4 ) 2 •12H 2 O followed by ultrasonic treatment for 10 min. Above solution was placed in water bath .When the temperature of water bath arised to a certain value, the solution started to be stirred, and at the same time, the base solution mixed Na 2 CO 3 with NaOH was added drop by drop until its pH value achieved to10, then CaCl 2 solution began to added. The dropping speed of the base solution and CaCl 2 solution were controlled in 1drop/s. The final pH value of solution was controlled in 11~12. Continuing to churn and maintain temperature for a period of time, after reaction the solution aged at constant temperature for a certain time. The products were filtrated, washed to neutral and dried at 80℃, grinded, sieved, and then magnetic MWCNTs modified by Ca were gained.
Adsorption Experiment.
Batch adsorption experiments were carried out. Certain amount of magnetic MWCNTs coated calcium was added into humic acid solution which was placed in water bath oscillator and oscillated at certain temperature and oscillating speed. After adsorption magnetic hybrids were separated from water, the humic acid concentration was measured by ultraviolet-visible spectrophotometer.
RESULTS AND DISCUSSION
Mass Ratio of MWCNTs to Fe3O4.
The influence of content of magnetic hybrids of iron oxides in magnetic MWCNTs coated calcium on removing humic acid was investigated. The mass ratio of MWCNTs to Fe 3 O 4 generated theoretically was chosen to 1:1, 3:2, 2:1, 5:2 and 3:1, respectively. Considering that divalent iron ions are easy to be oxidized, it should be excessive on the basis of Fe 2+ :Fe 3+ =1:2, thus Fe 2+ :Fe 3+ =1:1.75. Other preparation conditions of magnetic MWCNTs coated calcium were that the mass ratio of MWCNTs to CaCl 2 was 1:2, molar concentration of Na 2 CO 3 and NaOH in mixed bases solution were 0.5mol/L and 0.3mol/L, respectively, that is, the mole ratio was 5:2, water bath temperature was 70℃, reaction time after finishing adding was 30min, the stirring speed was 400 r/min and the aging time was 30min. The products prepared in above conditions at the dosage of 0.7g/L were added to humic acid solution in initial concentration of 20mg/L. The results are shown in Fig.1 . The results revealed that removal rate of humic acid increased with the mass ratio of MWCNTs to Fe 3 O 4 increasing. Because magnetic hybrids of iron oxides have been experimentally proved to have little adsorptive performance of humic acid. With the proportion of magnetic hybrids of iron oxides increasing, the proportion of the carbon nanotubes coated calcium in hybrid reduces, which leads to the decline of removal efficiency of humic acid. So reducing the proportion of magnetic hybrids of iron oxides will be advantageous for removing humic acid, but the magnetism of the hybrids will decrease.
Mass Ratio of MWCNTs to CaCl2.
The effect of proportion of CaCl 2 to MWCNTs on removing humic acid was also studied. The preparation conditions of magnetic MWCNTs coated calcium were the same as above except the mass ratio of MWCNTs to CaCl 2 and MWCNTs to hybrids of iron oxides. The latter was 5 to 2. The results are shown in Fig.2 . The results demonstrated that when the mass ratio of MWCNTs to CaCl 2 was between 3:1 and 1:3 the humic acid removal rate was higher than 85%, but when it was lower than 1:3 the removal rate decreased with the decrease of the mass ratio of MWCNTs to CaCl 2 , however, when the mass ratio of MWCNTs to CaCl 2 was higher than 3:1 the humic acid removal rate declinded with the increase of the mass ratio. 
Mass Ratio of Na2CO3 to NaOH.
Magnetic MWCNTs coated calcium was prepared under different mass ratio of Na 2 CO 3 to NaOH, the mass ratio of MWCNTs/ CaCl 2 and MWCNTs/Fe 3 O 4 were 2 to 1 and 5 to 2, respectively. Other preparation conditions were the same as that of Fig.1 . The results of removing humic acid by products prepared are shown in Fig.3 .The results indicated that the the mass ratio of Na 2 CO 3 to NaOH had little influence on the removal of humic acid.
Reaction Temperature.
The effect of reaction temperature in preparation on removing humic acid was tested. The results are shown in Fig.4 . It can be seen from Fig.4 that reaction temperature in preparation affects removal performance of magnetic MWCNTs coated calcium obviously. At 60℃, removal rate was the maximum of 91.32%. Then with the temperature rising, removal rate decreased. It is likely that the rising temperature is benefit for generating magnetic hybrids of iron oxides because magnetism of hybrids increased. As a result, the mass proportion of the carbon nanotubes reduces and leads to the decrease of humic acid removal. After 75℃, removal rate changed little. However, removal rate at 55℃ was poorer than that at 60℃. It may be that low temperature is not suitable for modifying carbon nanotubes by calcium. Stirring Speed.
Fig .5 reveals the influence of magnetic MWCNTs coated calcium prepared under different stirring speed on removing humic acid. It is found that removal rate increased with the increases of stirring speed, but when the stirring speed reached 300r/min the removal rate declined, which illustrated the increase of stirring speed is not benefit for removing humic acid. The production of modified material may be damaged at higher stirring speed.
Reaction Time.
The effect of reaction time in preparing magnetic MWCNTs coated calcium on removing humic acid was investigated. The results are shown in Fig.6 . It can be seen from Fig.6 that reaction time has less impact on removing humic acid. But, if reaction time is too long, the generated hybrid containing Fe 2+ may be oxidized by oxygen in the air. So reaction time of 30 min was selected. Aging Time. Fig.7 shows influence of magnetic MWCNTs coated calcium prepared at different aging time on removing humic acid. From Fig.7 , it is known that aging time has little effect on removing humic acid. Aging plays a role that makes crystal grow, makes crystal grain size increase and balance its size distribution. The best aging time was 30min.
Optimization of Preparation Conditions.
After above factor experiments, it is obviously that main factors affecting modified carbon nanotubes to remove humic acid include mass ratio of MWCNTs to Fe 3 O 4 and MWCNTs to CaCl 2 , temperature and stirring speed. In order to obtain optimized preparation conditions, orthogonal tests were carried out. The results are shown in Tab.1. According to the analysis of range R, the order of factors affecting the removal rate of humic acid was that mass ratio of MWCNTs/Fe 3 O 4 > stirring speed > temperature > mass ratio of MWCNTs/CaCl 2 . Best level value for various factors were that mass ratio of MWCNTs)/ Fe 3 O 4 and MWCNTs/CaCl 2 were 2.5:1 and 2:1, respectively. Temperature was 60℃ and stirring speed was 400r/min. Optimal mole ratio of Na 2 CO 3 /NaOH was 5:3, reaction time and aging time were 30 min, respectively. The removal rate of humic acid at initial concentration of 20 mg/L was high to 92.51% with the magnetic MWCNTs coated calcium prepared under the optimal conditions in 30 min oscillation. Moreover, sieved by 200 mesh sieve, the magnetic MWCNTs coated calcium reached humic acid removal rate of 94.21%, which states that removal effect is better with smaller size powder particle.
CONCLUSIONS
(1) Mass ratio of MWCNTs to Fe 3 O 4 and MWCNTs to CaCl 2 , reaction temperature and stirring speed are four main preparation factors.The removal rate of humic acid increased with the increase of mass ratio of MWCNTs to Fe 3 O 4 . When the mass ratio of MWCNTs to CaCl 2 was from 3:1to 1:3, the removal rate of humic acid was higher than 85%. With the reaction temperature increasing, the removal rate of humic acid first increased but decreased after 60℃, it changed little at temperature over 75℃. The removal rate increased with the increase of stirring speed, but when the stirring speed reached 300r/min the removal rate declined with the stirring speed increasing. The mole ratio of Na 2 CO 3 to NaOH, reaction time and aging time had little effect on removing humic acid.
(2) The optimal conditions of preparing magnetic multi-walled carbon nanotubes coated calcium were that the mass ratio of MWCNTs/Fe 3 O 4 and MWCNTs/CaCl 2 were 2.5:1 and 2:1, respectively, mole ratio of Na 2 CO 3 /NaOH was 5:3, reaction temperature was 60℃, stirring speed was 400 r/min, reaction time and aging time were 30 min respectively.
(3) The products prepared in the optimal conditions removed 92.51% of humic acid whose concentration was 20 mg/L after vibrating 30min, removed 94.21% after screened by 200 mesh sieve.
